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3, 2-chome, Nogamhcho, Fukuyama, Japan, do solemnly and sincerely declare that 
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Unexamined Patent No. Sho-62S21 63 laid open on March 6, 1987. 




Michihiko Matsuba 
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APATITE SINTERED BODY 

Japanese Unexamined Patent No. Sho-62-52163 

Laid-open on: March 6, 1987 

Application No. Sho-60-1 90256 

Filed on: August 29, 1985 

Inventor: Naomitsu FUJIO, et al. 

Applicant: Nippon Kogaku K.K. 

Patent Attorney: Takao WATANABE 

SPECIFICATION 

1. Title of the Invention 
APATITE SINTERED BODY 

2. What Is Claimed Is; 

1. An apatite sintered body consisting essentially of 
f luoroapatite and bioactive glass. 

2. The apatite sintered body according to Claim 1, wherein 
the apatite sintered body contains the bioactive glass of 40 
to 70% by weight. 

3. The apatite sintered body according to Claim 1, wherein 
the sintered body is sintered under an applied pressure. 

4. The apatite sintered body according to Claim 1, wherein 
the sintered body is sintered by using the f luoroapatite and 
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the bioactive glass as a starting raw material. 
3. Detailed Description of the Invention 

(Technical Field of the Invention) 

The present invention relates to an apatite sintered body 
useful as, particularly, an artificial dental root and an 
artificial bone material. 

(Background of the Invention) 

Extensive investigations have been recently made about an 
implant such as the artificial dental root and an artificial 
bone. Particularly, materials which provide an implant 
excelling in compatibility with bone (hereinafter, referred 
to as "biocompatibility") and has high mechanical strength, 
thereby capable of being used over a long period of time have 
actively been investigated. One of the representative 
materials among them is the apatite sintered body. Since 
synthetic hydroxyapati te used as the raw material for the 
sintered body is almost the same as the main constituent element 
of inorganic substance of bone, the synthetic hydroxyapatite 
has excellent biocompatibili ty . However, it has been known 
that the synthetic hydroxyapatite must be sintered at a high 
temperature as much as possible, for example, 1400°C so as to 
obtain high mechanical strength when the synthetic 
hydroxyapatite is used as an implant material, and therefore, 
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the biocompatibility is reduced. It has been considered that 
the reduction of the biocompatibility is attributed to 
structural change in an oxidization apatite from the 
hydroxyapatite due to the desorption of hydroxyl groups at the 
time of sintering. 

Then, since the biocompatibility is not reduced if the 
mechanical strength is improved without setting the sintering 
temperature to a high temperature, the mixture of additives 
such as CaO, MgO and A1 2 0 3 and the other reinforcing materials 
to hydroxyapatite powder for improving the mechanical strength 
and sinterability has been proposed (refer to the 4th column, 
lines 37 to 43, Japanese Patent Publication No . Sho-57-40776) . 

However, since the additives and the reinforcing materials 
in themselves have no biocompatibility, the biocompatibility 
is obviously reduced as the entire sintered body by mixing the 
additives and the reinforcing materials with the 
hydroxyapatite powder, and the problem of reduction is not 
fundamentally solved after all. 

Therefore, heretofore an apatite sintered body having high 
biocompatibility and mechanical strength has not existed. 

The conventional sintered body has had a drawback of inferior 
durability to a body fluid. 
(Object of the Invention) 
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Therefore, it is an object of the present invention to 
provide an apatite sintered body having high biocompatibili ty, 
mechanical strength and body fluid durability, thereby being 
useful as the implant material, 
(Summary of the Invention) 

The present inventors have found the following. That is, 
when a powdery mixture of the hydroxyapatite powder previously 
added with bioactive glass powder is sintered, the glass acts 
as a binder, and sufficient high mechanical strength is 
obtained even if the hydroxyapatite powder is sintered at a 
relatively low temperature. Also, since the hydroxyapatite 
powder is sintered at low temperature, the structural change 
in the hydroxyapatite to the oxidization apatite is suppressed, 
and thereby the biocompatibili ty of apatite is not reduced. 
Furthermore, since not mere glass but bioactive glass is used 
as the binder, "the reduction of the biocompatibility of the 
entire sintered body due to the additives and the reinforcing 
materials' 7 is not generated. 

However, the present inventors have found that the sintered 
body does not have sufficient durability to body fluid, and 
the structural change in the hydroxyapatite to the oxidization 
apatite is occasionally observed since sintering conditions 
are not stabilized. The present inventors have advanced 
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studies. As a result, the present inventors have found that 
a sintered body having sufficient body fluid durability can 
be obtained by using f luoroapati te instead of the 
hydroxyapatite, and the structural change in the f luoroapatite 
to the oxidization apatite can be avoided. Thereby, the 
present invention was accomplished based on this finding. 

Therefore, the present invention provides M an apatite 
sintered body consisting essentially of the f luoroapatite and 
the bioactive glass. " 

In the sintered body of the present invention, it is 
preferable that the apatite sintered body contains the 
bioactive glass of 40 to 70% by weight in view of the mechanical 
strength and biocompatibili ty of the sintered body. 

So as to manufacture the sintered body of the present 
invention, as described above, after the f luoroapatite and the 
bioactive glass are previously and uniformly mixed in a powdery 
state, and the mixture is cold-pressed under a pressure of, 
for example, 1 to 2 t/cm 2 by using a metallic mold, the mixture 
is generally sintered at a temperature of 700 to 1200°C under 
a normal pressure for 2 to 5 hours. 

When the thus obtained sintered body is further hot-press 
sintered, the mechanical strength thereof is improved by 30% 
to 40% on average. The hot-press sintering is generally 
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executed by holding under a pressure of 50 to 200 kg/cm 2 at a 
temperature of 700 to 1200°C for 10 minutes to 3 hours. 
Otherwise, the sintered body having improved mechanical 
strength is also obtained by excluding a normal-pressure 
sintering and directly hot-press sintering the mixture 
cold-pressed. In the hot press, a press die having high heat 
resistance, for example, a graphite die is used. It is 
preferable that a release agent for preventing the sintered 
body from being burned, for example, BN powder is previously 
coated on the die. 

The inventors consider that the mechanical strength of the 
sintered body is improved since the melted bioactive glass 
flows into the fine pores and cracks of the sintered body, and 
the spaces are filled with the bioactive glass in the hot- 
press sintering. That being said, no biocompatibility is 
changed . 

The f luoroapatite in itself used as a starting material in 
the case of the above manufacturing method is a known substance, 
and has a structure in which hydroxide ions of natural 
hydroxyapatite : Ca 10 ( P0 4 ) 3 (OH) 2 are replaced by fluoride ions: 
Ca 10 ( PO4 ) 3 F 2 . This f luoroapatite is manufactured, for example, 
by reacting Ca ions, fluoride ions and phosphate ions in a water 
solution to obtain calcium phosphate precipitate having the 
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ratio of the number of atoms of Ca/P of 1.5 to 1.67, filtering 
the precipitate, drying the filtered precipitate to obtain 
powder, and calcining the powder at 800°C. Then, the powder 
is crushed to about 200 to about 500 meshes. 

On the other hand, the bioactive glass also has the 
biocompatibility in itself, and is known as glass chemically 
combined with bone. An example of the composition of the 
bioactive glass is described below. 



Si0 2 


40 


- 60 


% 


by weight 


Na 2 0 


10 


- 30 


% 


by weight 


CaO 


10 


- 32 


% 


by weight 


p 2 o 5 


3 


9 


% 


by weight 


Ca 2 F 2 


0 


- 18 


% 


by weight 


B 2 0 3 


0 


7.5 


% 


by weight 



Another composition is described below. 



SiO z 






35 


- 60 


mol 


% 


B 2 0 3 






0 


- 15 


mol 
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Na 2 0 






10 


- 30 


mol 


% 


CaO 






5 


- 4o 


mol 


a 
o 


Ti0 2 






0 


- 10 


mol 


% 


P 2 0 5 






0 


- 15 


mol 


g. 
o 


K 2 0 






0 


- 20 


mol 


o, 
o 


Li 2 0 






0 


- 10 


mol 


a 

'O 


MgO 






0 


5 


mol 


% 


A1 2 0 3 + 


Zr0 2 + 


Nb 2 O s 


0 


8 


mol 


% 


La 2 0 3 + 


Ta 2 0 5 + 


Y 2 0 3 


0 


8 


mol 


% 


F 2 






0 


- 20 


mol 


% 



The bioactive glass is obtained by mixing glass raw materials 
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into the composition described above, dissolving and 
vitrifying. Generally, the glass is previously crushed to 
about 200 to about 500 meshes. 

The f luoroapatite powder and bioactive glass powder of a 
prescribed amount are mixed, and the apatite sintered body of 
the present invention is obtained by sintering the mixture as 
described above. 

However, the sintered body of the present invention is also 

manufactured by the following manufacturing method. That is, 

the present inventor found that hydroxide ions of the 

hydroxyapatite are replaced by fluoride in the glass by using 

the hydroxyapatite as the starting material instead of the 

f luoroapatite, using fluoride-containing glass as the 

bioactive glass, and suitably setting sintering conditions, 

and as a result, the sintered body composed by the f luoroapatite 

and the bioactive glass is obtained. Therefore, the sintered 

body of the present invention can also be manufactured by using 

the hydroxyapatite and the fluoride-containing bioactive 

glass as the starting materials. An example of the 

fluoride-containing bioactive glass is described below. 

Si0 2 40-62 % by weight 

Na 2 0 10-32 % by weight 

CaO 10-32 % by weight 

P 2 0 5 3 - 9 % by weight 



-8- 




Ca 2 F 2 0-18 % by weight 

Hereinafter, the present invention will be detailed 
according to the following examples. 
(Example 1) 

(1) Preparation of Fluoroapatite 

10L of a phosphoric acid aqueous solution of 0.3 mol/L and 
10L of a fluoric acid aqueous solution of 0.1 mol/L were added 
into 10L of a Ca (OH) 2 suspension of 0.5 mol/L, and the resultant 
solution was reacted for 1 hour while being stirred at 20°C. 
The stirring of the solution was stopped after the reaction, 
and the solution was aged at the same temperature for 48 hours. 
After aging, the resultant reaction product was washed with 
water, and was filtered. The filtered water-containing 
product was instantaneously dried and granulated by using a 
spray-drying method. When the obtained powder of about 100 
meshes was investigated by a powder X-ray diffraction method 
and a chemical analysis, the ratio (Ca/P) of calcium and 
phosphor contained in the powder was about 1.6, and the powder 
was microcrystalline calcium phosphate similar to the 
structure of the fluoroapatite. This calcium phosphate was 
crushed, and a calcium phosphate coarser than 200 meshes was 
removed through a sieve of 200 meshes. 

(2) Preparation of Bioactive Glass: 
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The bioactive glass (melting point of about 1150°C) was 
obtained by heating and melting a powder material containing 
Si0 2 of 46.1 mol %, Na 2 0 of 24.4 mol %, CaO of 26.9 mol % and 
P 2 0 5 of 2.6 mol % in a platinum crucible, and clarifying and 
slow-cooling the melted powder material. 

This glass was crushed in a usual manner, and a glass coarser 
than 500 meshes was removed through the sieve of 500 meshes. 
(3) Preparation of Sintered Body: 

After the f luoroapatite powder and the glass powder were 
mixed at a ratio described in the following Table 1, the mixture 
of 200g was dispensed, and ethanol of 200cc was added thereto. 
The mixture was then mixed for 2 hours using a pot mill. The 
mixture was filtered, and the residual ethanol was evaporated 
at 110°C in a drier. 

A metallic press die was filled up with the obtained powder 
mixture, and the mixture was cold-pressed at a pressure of 1.5 
t/cm 2 . 

The temperature of the press formed product was increased 
up to 1050°C at the rate of 200°C/hour in the atmosphere, and 
was calcined at 1050°C for 2 hours. The press formed product 
was then cooled at the rate of 500°C/hour to obtain the sintered 
bodies . 

(4) Measurement of Mechanical Strength: 
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The four-point bending strengths of the prepared sintered 
bodies were measured according to JIS: R1601, and the following 
Table 1 shows this result. 
(5) Measurement of Bone Compatibility: 

A conical tapered implant having a bottom diameter of 2 mm, 
a length of 5 mm and a taper degree of 1/20 was prepared by 
grinding the prepared sintered body, and the implant was 
embedded in a thigh bone of a rabbit. The rabbit was killed 
after a lapse of eight weeks, and the bond strength of the 
implant and thigh bone was measured by a push out test using 
a compressive strength testing machine. Table 1 shows this 
result as a standard of the biocompatibili ty . 



Table 1 



— — - Samp^e^JhJo^. 


1 


2 


3 


4 


5 


6 


Ratio of Bioactive Glass to 
Entire Sintered Body 
(% by weight) 


0 


40 


50 


60 


70 


100 


Bending Strength of Sintered 
Body (kg/ cm 2 ) 


5.0 


12.0 


19.2 


17.1 


11 . 0 


6.5 


Biocompatibility of Sintered 
Body (Bond Strength) (kg/ cm 2 ) 


* 


3.1 


3.3 


3.5 


3.4 


3.1 



(The symbol * represents that the implant is destroyed by the 
push out test, and the properties of the implant cannot be 
measured . ) 



On the other hand, samples obtained by sintering only the 
hydroxyapatite at 1200°C and 14 00°C as a Comparative Example 
had high bending strengths of 13 kg/cm 2 and 1.5 kg/cm 2 , 
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respectively. However, the samples had low bond strengths of 
2.3 kg/cm 2 and 1.6 kg/cm 2 , measured by the push out test, and 
the samples were deficient in the. biocompatibility . 
(Example 2) 

The sintered bodies of samples No. 2 to 5 shown in the above 
Table 1 were put in a graphite press die with BN powder. The 
press die was then heated to 900°C at the rate of 200°C/hour 
in an N 2 gas atmosphere. The samples were kept at 900°C for 
2 hours while applying the pressure of 120 kg/cm 2 through a punch 
to the samples in the die in 900°C. The samples were then cooled 
to a normal temperature at a rate of 500°C/hour while lowering 
the pressure at a rate of 60 kg/cm 2 -hour. 

The mechanical strength and bone compatibility of the thus 
obtained sintered bodies were measured. Table 2 shows this 
result . 



Table 2 



Sample No. 


7 


6 


9 


10 


Original Sample No. 


2 


3 


4 


5 


Bending Strength of Sintered 
Body {kg/ cm 2 } 


16.8 


27 .0 


22.0 


15.2 


Biocompatibility of Sintered 
Body (Bond Strength) (kg/ cm 2 ) 


3.1 


3.4 


3.5 


3.3 



(Example 3 ) 



(1) Preparation of Hydroxyapat i te 

10L of the phosphoric acid aqueous solution of 0.3 mol/L 
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were added into 10L of the Ca(OH) 2 suspension of 0.5 mol/L, and 
the resultant solution was reacted for 1 hour while being 
stirred at 20°C. The stirring of the solution was stopped after 
the reaction, and the solution was aged at the same temperature 
for 48 hours. After aging, the resultant reaction product was 
washed with water, and was filtered. The filtered water- 
containing product was instantaneously dried and granulated 
by using the spray-drying method. When the obtained powder 
of about 100 meshes was investigated by the powder X-ray 
diffraction method and the chemical analysis, the ratio (Ca/P) 
of calcium and phosphor contained in the powder was about 1.6, 
and the powder was microcrystalline calcium phosphate similar 
to the structure of the hydroxyapat ite . This calcium 
phosphate was crushed, and calcium phosphate coarser than 200 
meshes was removed through a sieve of 200 meshes. 
(2) Preparation of Fluoride-Containing Bioactive Glass: 

The bioactive glass (melting point of about 1050°C) was 
obtained by heating and melting a powder material containing 
Si0 2 of 46.1 mol %, Na 2 0 of 22.0 mol %, CaO of 14.0 mol %, CaF 2 
of 15.3 mol % and P 2 0 5 of 12.6 mol % in the platinum crucible, 
and clarifying and slow-cooling the melted powder material. 

This glass was crushed in the usual manner, and the glass 
coarser than 500 meshes was removed through the sieve of 500 
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meshes . 

(3) Preparation of Sintered Body: 

After the hydroxyapatite powder and the fluoride-containing 
bioactive glass powder were mixed at a ratio described in the 
following Table 3, the mixture of 200g was dispensed, and 
ethanol of 200cc was added thereto . The mixture was then mixed 
for 2 hours using a pot mill. The mixture was filtered, and 
the residual ethanol was evaporated at 110°C in a drier. 

A metallic press die was filled up with the obtained powder 
mixture, and the mixture was cold-pressed at a pressure of 1.5 
t/cm 2 . 

The temperature of the press formed product was increased 
up to 1000°C at the rate of 200°C/hour in the atmosphere, and 
was calcined at 1000°C for 4 hours. The press formed product 
was then cooled at a rate of 500°C/hour to obtain the sintered 
bodies . 

(4) Measurement of Mechanical Strength: 

As described in Example 1, the four-point bending strengths 
of the prepared sintered bodies were measured, and the 
following Table 3 shows this result. 

(5) Measurement of' Bone Compatibility: 

The bond strength of the prepared sintered body was measured 
as described in Example 1. Table 3 shows this result as a 
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standard of the biocompatibility . 



Table 3 



■ Sample No. 


11 


12 


13 


14 


15 


16 


Ratio of Bioactive Glass to 
Entire Sintered Body 
( % by weight ) 


0 


40 


50 


60 


70 


100 


Bending Strength of Sintered 
Body (kg/cm 2 ) 


4.0 


11.2 


18.5 


18.0 


12.0 


7.5 


Biocompatibility of Sintered 
Body (Bond Strength) (kg/cm 2 ) 




3.0 


3.4 


3.5 


3.2 


3.0 



(The symbol * represents that the implant is destroyed by the 
push out test, and the properties of the implant cannot be 
measured . ) 



(Effects of the Invention) 

The sintered body of the present invention has high 
mechanical strength, biocompatibility and body fluid 
durability. Therefore, the diameter of the implant made of 
the sintered body can be reduced as compared with that of the 
implant of the conventional apatite sintered body. Since high 
mechanical bond force is obtained without relying on mechanical 
bond force with the bone, it is not necessary to form the implant 
into a complicated shape for obtaining the mechanical bond 
force. Furthermore, since a large bond force is obtained even 
if the contact area with the bone is small, the implant may 
have a shape having small contact surface, that is, a slender 
monotonous shape, (the implant having such a shape can be easily 
manufactured) . 
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Therefore, the implant for dentistry made of the sintered 
body of the present invention can also be applied to many cases 
to which the conventional implant cannot be applied, and an 
implant placement operation can also be easily performed. 

In addition to the above advantages, the coefficient of the 
thermal expansion of the entire sintered body can be suitably 
adjusted by changing the composition of the bioactive glass 
suitably. Therefore, if the coefficient- of the thermal 
expansion of a metal core can be coincided with that of the 
entire sintered body, the sintered body can be bonded to the 
metal core simultaneously with sintering. The mechanical 
strength of the thus obtained "sintered body containing the 
metal core" will be dramatically improved as compared with that 
of the sintered body which does not contain a metal core. 

Applicant: Nippon Kogaku K.K. 
Patent Attorney: Takao WATANABE 
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Amendment (voluntary) 

December 6, 1985 

To: Commissioner of Patents, Michiro Uga 

1. Case Identification 

Japanese Patent Application No. Sho-60-190256 

2. Title of the Invention 
APATITE SINTERED BODY 

3. Mender 

Relation with the Case: Patent Applicant 
3-2-3 Marunouchi, Chiyoda-ku, Tokyo 
(411) Nippon Kogaku K.K. 
Shigetada Fukuoka, President 

4 . Agent 

1-6-3 Nishiohi, Shinagawa-ku, Tokyo 140 
Nippon Kogaku K.K., in Ohi Plant 
(7818) Patent attorney: Takao WATANABE 
Tel: (773) 1111 (main) 

5. Object of Amendment 

The column of the detailed description of the invention of the 
specification 

6. Content of the Amendment 

(1) Page 3, line 4 from the bottom, and page 4, line 5 from 
the bottom of the specification, change "body fluid durability" 



to ''durability to body fluid' 7 respectively. 

(2) Page 5, right margin of line 3 from the bottom of the 
specification, change "pot" to "hot." 

(3) Page 6, line 1 of the specification, change "burned" to 
"burned. " 

(4) Page 6, line 3 of the specification, change "melted" to 
"softened." 

(5) Page 6, lines 4 to 5 of the specification, change "the melted 
bioactive glass flows into the fine pores and cracks of the 
sintered body, and the spaces are filled with the bioactive 
glass" to "the fine pores and cracks of the sintered body are 
filled with the melted bioactive glass." 

(6) Page 6, line 5 from the bottom of the specification, change 
"filtered" to "filtered." 

(7) Page 9, line 2 from the bottom of the specification, change 
"filtered" to "filtered." 

(8) Page 9, between line 9 and line 10 of the specification, 
insert the following sentences. 

"Also, another example is described below. 



Si0 2 


35 


- 60 


mol 


B 2 0 3 
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- 15 


mol 


Na 2 0 
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mol 


CaO 
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- 40 


mol 
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- 10 


mol 
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K 2 0 
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- 20 


mol 
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Li 2 0 
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- 10 


mol 
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MgO 
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- 5 


mol 
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A1 2 0 3 + 


Zr0 2 + Nb 2 0 5 


0 


- 8 


mol 
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La 2 0 3 + 


Ta 2 0 5 + Y 2 0 3 


0 


- 8 


mol 
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F 2 
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- 20 


mol 


% 



(9) Page 9, line 2 from the bottom of the specification, change 
"filtered" to "f iltered. " 

(10) Change Table 1 in Page 13 of the specification as follows. 



Table 1 



_ Sample No. 

Ratio of Bioactive Glass to 
Entire Sintered Body 
(% by weight) 


1 

0 


2 

40 


3 

50 


4 

60 


5 
70 


6 

100 


Bending Strength of Sintered 
Body (kg /cm 2 ) 


5.0 


9.6 


15.7 


15.3 


10.2 


6.5 


Biocompatibility of Sintered 
Body (Bond Strength) (kg/ cm 2 ) 


* 


3.1 


3.3 


3.5 


3.4 


3.1 



(The symbol * represents that the implant is destroyed by the 



push out test, and the properties of the implant cannot be 
measured . ) 

(11) Change Table 2 in Page 15 of the specification as follows. 
Table 2 



Sample No. 


7 


8 


9 


10 


Original Sample No. 


2 


3 


4 


c 


Bending Strength of Sintered 
Body (kg/ cm 2 ) 


14 . 4 


23. 7 


19.9 


14.3 


Biocompatibility of Sintered 
Body (Bond Strength) (kg/cm 2 ) 


3.0 


3.4 


3.4 


3.2 



(12) Page 16, line 7 of the specification, change "filtered 
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to "filtered." 

(13) Page 16, line 8 of the specification, change "filtered" 
to "filtered." 

(14) Next to page 19 of the specification, insert the following 
sentences . 

(Example 4) 

The sintered bodies of the samples No. 17 to 20 shown in 
the above Table 3 were hot-press sintered according to Example 
2. 

The following Table 4 shows the mechanical strength and bone 
compatibility of the obtained sintered bodies. 
Table 4 



Sample No. 


17 


18 


19 


20 


Original Sample No. 


12 


13 


14 


15 


Bending Strength of Sintered 
Body (kg/ cm 7 ) 


17 . 0 


27.3 


22.1 


15.2 


Biocompatibil i ty of Sintered 
Body (Bond Strength) (kg/ cm 2 ) 


3.2 


3.5 


3.4 


3.2 



(15) Page 20, line 3 of the specification, change "body fluid 
durability" to "durability to body fluid." 
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Publication of amendments according to provisions of Article 
17-2 of patent law 
February 17, 1992 issue 

Japanese Patent Application No. Sho-60-1 90256 (Japanese 
Published Unexamined Patent Application No. Sho-62-52163, 
March 6, 1987 issue, Published Unexamined Patent Application 
No. 62-522 publication) was amended according to provisions 
of Article 17-2 of Patent Law, and the amendments are published 
as follows . 3(1) 



Int. 



CI. 



Identifying 
Number 



JPO File Number 



C04B 
A61K 
A61L 



35/00 
6/02 
27/00 



8924-4G 
7019-4C 
F-7038-4C 
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Amendment 

October 28, 1991 

To: Commissioner of Patents 

1. Case Identification 

Japanese Patent Application No. Sho-60-1 90256 

2. Title of the Invention 

METHOD FOR MANUFACTURING APATITE SINTERING BODY 

3. Amender 

Relation with the Case: Patent Applicant 
3-2-3 Marunouchi, Chiyoda-ku, Tokyo 
(411) NIKON CORPORATION 
Koji SHO, President 
4 • Agent 

1-6-3 Nishiohi, Shinagawa-ku, Tokyo 140 
NIKON CORPORATION, in Ohi Plant 
(7818) Patent attorney: Takao WATANABE 
Tel: (773) 1111 (main) 

5. Object of Amendment 
substitute of specification 

6. Content of the Amendment 
as per enclosure 
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(Substitute) Specification 

1 . Title of the Invention 

METHOD FOR MANUFACTURING APATITE SINTERED BODY 

2. What Is Claimed Is; 

(1) A method for manufacturing an apatite sintered body 
consisting essentially of f luoroapatite and bioactive glass, 
comprising the steps of: 

mixing hydroxyapatite powder with fluoride-containing 
bioactive glass powder; and 

reacting the obtained mixture to sinter the mixture. 

(2) The method for manufacturing the apatite sintered body 
according to Claim 1, wherein the apatite sintered body 
contains the bioactive glass of 40 to 70% by weight. 

(3) The method for manufacturing the apatite sintered body 
according to Claim 1, wherein the sintered body is sintered 
under an applied pressure. 

3. Detailed Description of the Invention 
(Technical Field of the Invention) 

The present invention relates to a method for manufacturing 
an apatite sintered body useful as, particularly, an artificial 
dental root and an artificial bone material. 
(Background of the Invention) 

Extensive investigations have been recently made about an 
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implant such as the artificial dental root and an artificial 
bone. Particularly, materials which provide an implant 
excelling in compatibility with bone (hereinafter, referred 
to as "biocompatibility") and has high mechanical strength, 
thereby capable of being used over a long period of time have 
actively been investigated. One of the representative 
materials among them is the apatite sintered body. Since 
synthetic hydroxyapatite used as the raw material for the 
sintered body is almost the same as the main constituent element 
of inorganic substance of bone, the synthetic hydroxyapatite 
has excellent biocompatibility . However, it has been known 
that the synthetic hydroxyapatite must be sintered at a high 
temperature as much as possible, for example, 1400°C so as to 
obtain high mechanical strength when the synthetic 
hydroxyapatite is used as an implant material, and therefore, 
the biocompatibility is reduced. It has been considered that 
the reduction of the biocompatibility is attributed to 
structural change in an oxidization apatite from the 
hydroxyapatite due to the desorption of hydroxyl groups at the 
time of sintering. 

Then, since the biocompatibility is not reduced if the 
mechanical strength is improved without setting the sintering 
temperature to a high temperature, the mixture of additives 
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such as CaO, MgO and A1 2 0 3 and the other reinforcing materials 
to hydroxyapatite powder for improving the mechanical strength 
and sinterability has been proposed (refer to the 4th column, 
lines 37 to 43, Japanese Patent Publication No. Sho-57-40776) . 

However, since the additives and the reinforcing materials 
in themselves have no biocompatibility, the biocompatibility 
is obviously reduced as the entire sintered body by mixing the 
additives and the reinforcing materials with the 
hydroxyapatite powder, and the problem of reduction is not 
fundamentally solved after all. 

Therefore, heretofore an apatite sintered body having high 
biocompatibility and mechanical strength has not existed. 

The conventional sintered body has had a drawback of inferior 
durability to a body fluid. 
(Object of the Invention) 

Therefore, it is an object of the present invention to 
provide an apatite sintered body having high biocompatibility, 
mechanical strength and body fluid durability, thereby being 
useful as the implant material. 
(Summary of the Invention) 

The present inventors have found the following. That is, 
when a powdery mixture of the hydroxyapatite powder previously 
added with bioactive glass powder is sintered, the glass acts 
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as a binder, and sufficient high mechanical strength is 
obtained even if the hydroxyapatite powder is sintered at a 
relatively low temperature. Also, since the hydroxyapatite 
powder is sintered at low temperature, the structural change 
in the hydroxyapatite to the oxidization apatite is suppressed, 
and thereby the biocompatibility of apatite is not reduced. 
Furthermore, since not mere glass but bioactive glass is used 
as the binder, "the reduction of the biocompatibility of the 
entire sintered body due to the additives and the reinforcing 
materials" is not generated. 

However, the present inventors have found that the sintered 
body does not have sufficient durability to body fluid, and 
the structural change in the hydroxyapatite to the oxidization 
apatite is occasionally observed since sintering conditions 
are not stabilized. The present inventors have advanced 
studies. As a result, the present inventors have found that 
the sintered body having sufficient durability to body fluid 
can be obtained by using f luoroapati te instead of the 
hydroxyapatite, and the structural change in the f luoroapatite 
to the oxidization apatite can be avoided. 

The present invention provides "the apatite sintered body 
consisting essentially of the f luoroapati te and the bioactive 
glass" first . 
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Therefore, the present invention provides "an apatite 
sintered body consisting essentially of the f luoroapati te and 
the bioactive glass." 

In the sintered body of the present invention, it is 
preferable that the apatite sintered body contains the 
bioactive glass of 40 to 70% by weight in view of the mechanical 
strength and biocompatibility of the sintered body. 

So as to manufacture the sintered body of the present 
invention, as described above, after the f luoroapatite and the 
bioactive glass are previously and uniformly mixed in a powdery 
state, and the mixture is cold-pressed under a pressure of, 
for example, 1 to 2 t/cm 2 by using a metallic mold, the mixture 
is generally sintered at a temperature of 700 to 1200°C under 
a normal pressure for 2 to 5 hours. 

When the thus obtained sintered body is further hot-press 
sintered, the mechanical strength thereof is improved by 30% 
to 40% on average. The hot-press sintering is generally 
executed by holding under a pressure of 50 to 200 kg/cm 2 at a 
temperature of 700 to 1200°C for 10 minutes to 3 hours. 
Otherwise, the sintered body having improved mechanical 
strength is also obtained by excluding a normal-pressure 
sintering and directly hot-press sintering the mixture 
cold-pressed. In the hot press, a press die having high heat 
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resistance, for example, a graphite die is used. It is 
preferable that a release agent for preventing the sintered 
body from being burned, for example, BN powder is previously 
coated on the die. 

The present inventors consider that the mechanical strength 
of the sintered body is improved since the fine pores and cracks 
of the sintered body are filled with the softened bioactive 
glass in the hot press sintering. That being said, no 
biocompatibility is changed. 

The f luoroapatite in itself used as a starting material in 
the case of the above manufacturing method is a known substance, 
and has a structure in which hydroxide ions of natural 
hydroxyapatite : Ca 10 (P0 4 ) 3 (OH) 2 are replaced by fluoride ions: 
Ca 10 (P0 4 ) 3 F 2 . This f luoroapatite is manufactured, for example, 
by reacting Ca ions, fluoride ions and phosphate ions in a water 
solution to obtain calcium phosphate precipitate having the 
ratio of the number of atoms of Ca/P of 1.5 to 1.67, filtering 
the precipitate, drying the filtered precipitate to obtain 
powder, and calcining the powder at 800°C. Then, the powder 
is crushed to about 200 to about 500 meshes. 

On the other hand, the bioactive glass also has the 
biocompatibility in itself, and is known as glass chemically 
combined with bone. An example of the composition of the 
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bioactive glass is described below. 
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Another composition is described below. 
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The bioactive glass is obtained by mixing glass raw materials 
into the composition described above, dissolving and 
vitrifying. Generally, the glass is previously crushed to 
about 200 to about 500 meshes. 

The f luoroapati te powder and bioactive glass powder of a 
prescribed amount are mixed, and the apatite sintered body of 
the present invention is obtained by sintering the mixture as 
described above . 
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However, the sintered body of the present invention is also 
manufactured by the following manufacturing method. That is, 
the present inventor found that hydroxide ions of the 
hydroxyapatite are replaced by fluoride in the glass by using 
the hydroxyapatite as the starting material instead of the 
f luoroapatite, using fluoride-containing glass as the 
bioactive glass, and suitably setting sintering conditions, 
and as a result, the sintered body composed by the f luoroapatite 
and the bioactive glass is obtained. Therefore, the sintered 
body of the present invention can also be manufactured by using 
the hydroxyapatite and the fluoride-containing bioactive 
glass as the starting materials. An example of the 
fluoride-containing bioactive glass is described below. 
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Hereinafter, the present invention will be detailed 
according to the following examples. 
(Example 1) 

(1) Preparation of Fluoroapati te 

10L of a phosphoric acid aqueous solution of 0.3 mol/L and 
10L of a fluoric acid aqueous solution of 0.1 mol/L were added 
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into 1 OL of a Ca (OH) 2 suspension of 0 . 5 mol/L, and the resultant 
solution was reacted for 1 hour while being stirred at 20°C. 
The stirring of the solution was stopped after the reaction, 
and the solution was aged at the same temperature for 4 8 hours. 
After aging, the resultant reaction product was washed with 
water, and was filtered. The filtered water-containing 
product was instantaneously dried and granulated by using a 
spray-drying method. When the obtained powder of about 100 
meshes was investigated by a powder X-ray diffraction method 
and a chemical analysis, the ratio (Ca/P) of calcium and 
phosphor contained in the powder was about 1.6, and the powder 
was microcrystalline calcium phosphate similar to the 
structure of the f luoroapatite . This calcium phosphate was 
crushed, and a calcium phosphate coarser than 200 meshes was 
removed through a sieve of 200 meshes. 
(2) Preparation of Bioactive Glass: 

The bioactive glass (melting point of about 1150°C) was 
obtained by heating and melting a powder material containing 
Si0 2 of 46.1 mol %, Na 2 0 of 24.4 mol %, CaO of 26.9 mol % and 
P 2 0 5 of 2.6 mol % in a platinum crucible, and clarifying and 
slow-cooling the melted powder material. 

This glass was crushed in a usual manner, and a glass coarser 
than 500 meshes was removed through the sieve of 500 meshes. 
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(3) Preparation of Sintered Body: 

After the f luoroapatite powder and the glass powder were 
mixed at a ratio described in the following Table 1, the mixture 
of 200g was dispensed, and ethanol of 200cc was added thereto. 
The mixture was then mixed for 2 hours using a pot mill. The 
mixture was filtered, and the residual ethanol was evaporated 
at 110°C in a drier. 

A metallic press die was filled up with the obtained powder 
mixture, and the mixture was cold-pressed at a pressure of 1.5 
t/cm 2 . 

The temperature of the press formed product was increased 
up to 1050°C at the rate of 200°C/hour in the atmosphere, and 
was calcined at 1050°C for 2 hours. The press formed product 
was then cooled at the rate of 500°C/hour to obtain the sintered 
bodies . 

(4) Measurement of Mechanical Strength: 

The four-point bending strengths of the prepared sintered 
bodies were measured according to JIS : R1601, and the following 
Table 1 shows this result. 

(5) Measurement of Bone Compatibility: 

A conical tapered implant having a bottom diameter of 2 mm, 
a length of 5 mm and a taper degree of 1/20 was prepared by 
grinding the prepared sintered body, and the implant was 
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embedded in a thigh bone of a rabbit. The rabbit was killed 
after a lapse of eight weeks, and the bond strength of the 
implant and thigh bone was measured by a push out test using 
a compressive strength testing machine. Table 1 shows this 
result as a standard of the biocompatibility . 



Table 1 
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(The symbol * represents that the implant is destroyed by the 
push out test, and the properties of the implant cannot be 
measured . ) 



On the other hand, samples obtained by sintering only the 
hydroxyapatite at 1200°C and 1400°C as a Comparative Example 
had high bending strengths of 13 kg/cm 2 and 1.5 kg/cm 2 , 
respectively. However, the samples had low bond strengths of 
2.3 kg/cm 2 and 1.6 kg/cm 2 , measured by the push out test, and 
the samples were deficient in the biocompatibility. 
(Example 2) 

The sintered bodies of samples No. 2 to 5 shown in the above 
Table 1 were put in a graphite press die with BN powder. The 
press die was then heated to 900°C at the rate of 200°C/hour 
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in an N 2 gas atmosphere. The samples were kept at 900°C for 
2 hours while applying the pressure of 120 kg/cm 2 through a punch 
to the samples in the die in 900°C . The samples were then cooled 
to a normal temperature at a rate of 500°C/hour while lowering 
the pressure at a rate of 60 kg/cm 2 -hour. 

The mechanical strength and bone compatibility of the thus 
obtained sintered bodies were measured. Table 2 shows this 
result . 



Table 2 
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(Example 3) 



(1) Preparation of Hydroxyapati te 

10L of the phosphoric acid aqueous solution of 0.3 mol/L 
were added into 10L of the Ca (OH) 2 suspension of 0.5 mol/L, and 
the resultant solution was reacted for 1 hour while being 
stirred at 20°C . The stirring of the solution was stopped after 
the reaction, and the solution was aged at the same temperature 
for 48 hours. After aging, the resultant reaction product was 
washed with water, and was filtered. The filtered water- 
containing product was instantaneously dried and granulated 
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by using the spray-drying method. When the obtained powder 
of about 100 meshes was investigated by the powder X-ray 
diffraction method and the chemical analysis, the ratio (Ca/P) 
of calcium and phosphor contained in the powder was about 1 .6, 
and the powder was microcrystalline calcium phosphate similar 
to the structure of the hydroxyapatite . This calcium 
phosphate was crushed, and calcium phosphate coarser than 200 
meshes was removed through a sieve of 200 meshes. 

(2) Preparation of Fluoride-Containing Bioactive Glass: 
The bioactive glass (melting point of about 1050°C) was 

obtained by heating and melting a powder material containing 
Si0 2 of 46.1 mol %, Na 2 0 of 22.0 mol %, CaO of 14.0 mol %, CaF 2 
of 15.3 mol % and P 2 0 5 of 12.6 mol % in the platinum crucible, 
and clarifying and slow-cooling the melted powder material. 

This glass was crushed in the usual manner, and the glass 
coarser than 500 meshes was removed through the sieve of 500 
meshes . 

(3) Preparation of Sintered Body: 

After the hydroxyapatite powder and the fluoride-containing 
bioactive glass powder were mixed at a ratio described in the 
following Table 3, the mixture of 200g was dispensed, and 
ethanol of 200cc was added thereto. The mixture was then mixed 
for 2 hours using a pot mill. The mixture was filtered, and 
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the residual ethanol was evaporated at 110°C in a drier* 

A metallic press die was filled up with the obtained powder 
mixture, and the mixture was cold-pressed at a pressure of 1.5 
t/cm 2 . 

The temperature of the press formed product was increased 
up to 1000°C at the rate of 200°C/hour in the atmosphere, and 
was calcined at 1000°C for 4 hours. The press formed product 
was then cooled at a rate of 500°C/hour to obtain the sintered 
bodies . 

(4) Measurement of Mechanical Strength: 

As described in Example 1, the four-point bending strengths 
of the prepared sintered bodies were measured, and the 
following Table 3 shows this result. 

(5) Measurement of Bone Compatibility: 

The bond strength of the prepared sintered body was measured 
as described in Example 1. Table 3 shows this result as a 
standard of the biocompatibility . 



Table 3 
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(The symbol * represents that the implant is destroyed by the 
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push out test, and the properties of the implant cannot be 
measured. ) 

(Effects of the Invention) 

The sintered body of the present invention has high 
mechanical strength, biocompatibility and body fluid 
durability. Therefore, the diameter of the implant made of 
the sintered body can be reduced as compared with that of the 
implant of the conventional apatite sintered body. Since high 
mechanical bond force is obtained without relying on mechanical 
bond force with the bone, it is not necessary to form the implant 
into a complicated shape for obtaining the mechanical bond 
force. Furthermore, since a large bond force is obtained even 
if the contact area with the bone is small, the implant may 
have a shape having small contact surface, that is, a slender 
monotonous shape, (the implant having such a shape can be easily 
manufactured) . 

Therefore, the implant for dentistry made of the sintered 
body of the present invention can also be applied to many cases 
to which the conventional implant cannot be applied, and an 
implant placement operation can also be easily performed. 

In addition to the above advantages, the coefficient of the 
thermal expansion of the entire sintered body can be suitably 
adjusted by changing the composition of the bioactive glass 
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suitably. Therefore, if the coefficient of the thermal 
expansion of a metal core can be coincided with that of the 
entire sintered body, the sintered body can be bonded to the 
metal core simultaneously with sintering. The mechanical 
strength of the thus obtained "sintered body containing the 
metal core" will be dramatically improved as compared with that 
of the sintered body which does not contain a metal core. 

Applicant: NIKON CORPORATION 
Patent Attorney: Takao WATANABE 
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